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ABSTRACT 
The present manuscript considers visual, auditory, tactile, chemosensory, and physiologic 
repellents currently available for use in the United States. Discussion of tactile, chemosensory, 
and physiologic repellents is emphasized for three reasons. First, these products are preferred by 
users. Second, application of these substances is regulated by state and federal agencies. Third, 
only four active ingredients are legally available at the present time. This lack reflects difficulties 
in obtaining regulatory approval and limited market size. 
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INTRODUCTION 
For birds, repellents can be visual (e.g., eyespot balloons [Shirota et al. 19831, flagging 
[Mason et al. 1993]), auditory (e.g., distress calls [Aubin 1990, Blokpoel 19761, propane 
exploders [Linz et al. 19931, shell crackers [Cummings et al. 1986, Mott et al. 1990]), tactile 
(e.g., clay-based seed coatings [Avery et al. 19891, polybutene products [Timm 1983]), 
chemosensory (e.g., methyl anthranilate [Mason et al. 1993J), or physiologic (e.g., mesurol 
[Rogers 19801). Under conditions of normal use, repellents act directly on pests but, importantly, 
they are not lethal. Hence, 4-aminopyridine, and other lethal "frightening" agents (Eschen and 
Schafer 1986) are toxicants, not repellents. Of the 43 products registered as bird damage control 
chemicals in the United States, only seven (16.4%) are repellents. Within this small group of 
products, the active ingredient in four is polybutene. Capsaicin, denatonium saccharide, and 
napthalene are the active ingredients in the remaining three products. Only polybutene has 
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demonstrated utility; the available evidence suggests that birds are indifferent to the other 
materials (Clark et al. 1990, Mason 1987). 
TYPES OF REPELLENTS 
Visual repellents 
These often are inexpensive (e.g., $0.80/acre for plastic flags, Mason et al. 1993; Mason 
and Clark 1994), and they tend to be effective, if only for short periods. Typical examples of 
visual repellents include balloons (Shirota et al. 1983, Mott 1985), kites (Fazlul Haque et al. 
1985), plastic flagging, and mylar streamers (Bruggers et al. 1986, Dolbeer et al. 1986a, Mason 
et al. 1993, Mason and Clark 1994, Timm 1983). Functionally, visual repellents cause startle 
responses, as do aposematic colors (e.g., orange, red, silver; Reidinger and Mason 1983, Lipcius 
et al. 1980) and cues associated with predators (e.g., hawk silhouettes, eyespots, raptor models; 
Conover 1982, Inglis 1980, Inglis et al. 1983). However, startle responses eventually diminish 
(often within days or a few weeks) as a function of several variables, including weather 
conditions, bird numbers, and the availability of nearby unprotected foods (e.g., Feare et al. 
1986). 
Auditory Repellents 
These include both sonic and ultrasonic devices. Among the former, propane cannons are 
commonly used for the control of bird depredation and nuisance problems (Linz et al. 1993). 
Provided that units are moved every few days, cannons can be effective when one is placed for 
every 10 acres of crop. Repellency is enhanced when shooting is implemented concurrently, or 
when other measures are taken to slow birds' habituation to noise (Slater 1980, Inglis 1984). 
Electronic triggers that detect the presence of birds and selectively fire cannons are now available 
(Adams Dominion, Inc., Crestwood, KY) . 
A variety of other sonic frightening devices, including electronic noise systems, synthetic 
bird calls, and pyrotechnics, are sometimes used in addition to exploders (Aubin 1990, Feare et 
al. 1986). These systems can be effective against loafing and roosting birds (e.g., Blokpoel 
1976). However, they have little utility against feeding birds in agricultural settings and are not 
any more effective than propane cannons alone (Feare et al. 1986). Repellency is variable, and 
depends on the persistence and skill of the operator, the attractiveness of the crop, the number of 
birds present, and the availability of alternative food sources (e.g., Mott 1978; Mott and 
Timbrook 1986, Salmon and Conte 1981). 
Ultrasonic devices are offered as deterrents to roosting and loafing birds (Krzysik 1987). 
These devices have no demonstrated utility (e. g., Theissen et al. 1957, Theissen and Shaw 1957, 
Martin and Martin 1984, Kerns 1985, Griffiths 1986, Woronecki 1988), probably because birds 
are physiologically incapable of detecting ultrasound (i. e., frequencies above 20,000 Hz; e. g . , 
Summers-Smith 1963). 
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Tactile Repellents 
Clay-based seed coatings that become tacky when wet are effective bird repellents under 
some conditions (Avery et al. 1989; Decker et al. 1990). For example, the estimated loss of clay- 
coated rice in a Texas field trial averaged 17 %, compared with 36.5 % in control plots (Decker 
et al. 1990). However, when bird numbers are high andlor when alternative foods are relatively 
unpalatable or sparse, clay-based coatings confer little protection (Avery, pers. commun.). 
Polybutene products (e. g., tacky pastes and liquids) repel birds from ledges or other roosting 
structures ( T i m  1983). These products often contain other ingredients, including mineral oil, 
lithium sterate soap, diphenylamine, zinc oxide, and castor oil ( T i m  1983). While effective, 
poly butene-based repellents are thermally labile, and melting repellent can deface structures to 
which it is applied. Both clay-coatings and polybutene are considered pesticides. 
Chemosensory and Physiologic Repellents 
These substances are effective either because they are painful or because they cause sickness. 
If the latter, then food avoidance learning is involved (Avery 1985, Reidinger and Mason 1983). 
If the former, then the repellent often is stimulating pain receptors (i.e., trigeminal 
chemoreceptors) in the mouth, nose, and eyes (Green et al. 1990). Although many birds possess 
adequate or even superior olfactory and gustatory capabilities (e.g., Berkhoudt 1985, Clark and 
Mason 1989), smell and taste, per se, are rarely of consequence for bird damage control (Mason 
and Otis 1990). 
At present, no effective chemosensory and physiologic repellent is legally available in the 
United States. 
METHODS DEVELOPMENT 
The remainder of this discussion is organized into four areas. The first three areas are 
agricultural repellent needs, nonagricultural repellent needs, and conservation applications. The 
final area is consideration of a simple economic decision-making model. 
Agricultural Needs 
Background 
Reliable measures of economic loss caused by wildlife are unavailable. Nevertheless, 
national surveys of farmers by the U.S. Agricultural Statistics Service (A. P. Wywialowski, pers. 
cornmun. ) can be used as a general index of where research may be needed. In the Eastern United 
States, 52.5% (n = 4,463) of farmers who raised field crops reported some losses. Of these, 
86.5% attributed losses to wildlife (Figure 1). For those farmers who raised vegetables, fruits, 
374 AVIAN REPELLENTS 
FIELD CROPS 
41% deer 
1% other  
22% rodents 2% carnivores 
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14% nonwildiiie 11% omnivores 
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FIGURE 1. The percentage loss attributed to various sources by farmers in the eastern United States 
who raise field crops (top), store seeds and grains (middle), or grow fruits, nuts and 
vegetatables (bottom). Data from Wywialowski and Beach (1  991 1. 
BIRDS, CHAPTER 31 375 
or nuts, 41.8% (n = 877) reported some losses, with 62.5% of this damage attributed to wildlife. 
For those farmers who stored feed, seed, or grain on their properties, 23% (n = 2,634) reported 
some losses, 27% of which was attributed to wildlife. 
The economics of damage varies greatly among crops (Table 1). For example, a 1972 
survey of sunflower fields in North Dakota and Minnesota showed that the mean loss to birds was 
only 13 kglha (Besser 1978). Because 174,500 ha were planted in sunflower during that year, we 
can estimate that the national loss was 2,270 metric tons (Putt 1978). At an average value of $230 
per metric ton (Cobia 1978), bird damage cost growers $522,100. On the other hand, Avery et 
aI. (1991) estimated that birds destroyed 11 % of the national blueberry crop in 1989. Because 
total blueberry production during that year was 158 million pounds, and the average price was 
$0.50/pound, Avery estimated that bird damage may have cost growers as much as $8.5 million 
from a total market size of $77.3 million. 
Bird damage has been documented in many agricultural contexts other than food crops. For 
example, feed consumption and contamination by birds are problems for feedlot and grain storage 
operators (Feare 1975, 1979, 1980, Twedt and Glahn 1982). Birds associated with livestock and 
poultry also represent a potential vector for economically important diseases such as transmissible 
gasamenteritis (Gough and Beyer 1982, Pilchard 1965), tuberculosis (Bickford et al. 1966), and 
avian influenza (Alexander et al. 1979). Histoplasmosis, a human respiratory disease, is 
associated with roosting blackbirds and starlings. 
An issue that is increasingly significant is the hazard that modem agricultural chemicals 
present to birds. Pelleted agricultural chemicals and treated seeds are essential components of no- 
till conservation farming, a practice that will be used on 60% of the cropland in North America 
within 20 years (Crosson 1982). These farming practices generally benefit wildlife by providing 
cover and food (Castrale 1987), and they are environmentally safe relative to pesticide spray 
applications (Greig-Smith 1987). However, pelleted chemicals and treated seeds are dangerous 
to birds that forage in treated fields (Best and Gionfriddo 1991, Greig-Smith 1988, Schafer et al. 
1983, U.S. Environmental Protection Agency 1989). In recognition of this hazard, the U.S. 
Environmental Protection Agency has threatened a generic ban on the use of granular products. 
Although the cost of such a ban is difficult to gauge, it is obviously large (Figure 2, Table 2). 
Particulate formulations are a major fraction of the pesticide market, and the principle source of 
income for some chemical companies (Mason and Turpin 1990). 
Existing Repellen fs 
There are no effective chemicals legally available for use in agricultural settings in North 
America. 
New Repellents; Near- Term Possibilities 
These substances may already be registered for agricultural use (e.g., insecticides or 
fungicides with bird repellent properties; Avery and No1 1991, Avery et al. 1993, Avery and 
Decker 1991, Babu 1988, Crocker and Reid 1993). Alternatively, they might be approved for 
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Table 1. Estimates of Economic Losses Caused by Birds to Selected Agricuttural Commodities for 
Which Damage and Dollar Values Are Reported 
$ Value % Loss 8 Loss Reference 
FIELD CROPS 
Field Corn 
Ohio 1,726,800,000 0.7 3,880,000 Stickley et al. 1979 
Ohio 737,500,000 0.8 5,900,000 Dolbeer 1 98 1 
Ohio 968,571,428 0.7 6,780,000 Dolbeer 1981 
Ohio 4,507,142 0.1 450,7 14 Andrews and Henze 
1985 
Ohio 5,000,000 1 .O 5,000,000 Dolbeer 1980 
Michigan 544,000,000 0.3 1,360,000 Dolbeer 1981 
Kentucky 240,000,000 0.5 1,200,000 Stickley et al. 1979 
10 statesa 137,241,666 0.4 380,000 Stickley et al. 1979 
Ohio 
FRUIT 
Blueberrv 
National 
National 
Michigan 
Cherries 
Britian 
Michigan 
National 
1,000,000 2.0 200,000 Dolbeer, pers. commun. 
79,000,000 10.8 8,500,000 Avery et al. 1 99 1 
32,000,000 5.0 1,600,000 Mott and Stone 1973 
8,333,333 6.0 500,000 Stone et al. 1974 
44,726,774 11.5 5,163,264 Feare 1979 
25,000,000 17.4 4,250,000 Guarino et al. 1974 
138,888,889 17.4 24,166,667 Crase et al. 1976 
GlaPes 
National 683,920,900 0.4 2,600,000 Lee, pers. commun. 
a The 10 states were Illinois, Indiana, Iowa, Michigan, Minnesota, Missouri, Nebraska, Ohio, South 
Dakota, and Wisconsin. Together, these states produced 79.4% of the corn crop in 1981. 
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Agrichemicals used; total  expense $4.7 billion 
Sprays Nematodes Disease Weeds Defoliants 
Dusts 
Granules 
Fumigants 
FIGURE 2. Quantities of agricultural chemicals used by U.S. farmers by type of application. Data 
are derived from the 1987 Census of Agriculture. 
Table 2. Estimated Net U.S. and Worldwide Agricuttural Chemicals (AgChem) Sales ($ Millions) 
by the Top 10 Producers (T. Miller, American Cyanamid, Pers. Commun.), and Total 
Sales of All Products by These Companies (Values are drawn from 1988-90 Annual 
Reports of These Companies 
Estimated U.S. Estimated World 
Company Agric. Salesa Agric. Salesb Total World S a l e  
DuPont 71 1 3,076.5 15,064 
Ciba-Geigy 672 3,109.6 17,600 
Dow Elanko 545 1,023.0 8,293 
Monsanto 520 1,377.0 4,825 
American Cyanamid 510 1,100.0 24,449 
ICI 447 4,189.0 13,612 
Rhone Poulenc 255 2,239.0 16,039 
BASF 207 3,047.0 2,150 
Mobay USA 185 358.3 3,287 
FMC 183 521 .O 22,297 
All others 850 3,176.7 - 
a Net sales estimates for the U.S. market were provided by T. Miller, American Cyanamid Corporation. 
Sales estimates for the world agricultural market were extracted from corporate earnings statements 
contained in annual reports. 
" Total sales obtained from corporate earnings statements contained in annual reports. 
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use as human or animal feed additives. Compounds in this category include cinnamic acid 
derivatives (Avery and Decker 1992, Crocker and Perry 1990, Crocker and Reid 1993), cinnamyl 
alcohol and benzoate derivatives (Jakubas et al. 1992), anthranilate derivatives (Mason et al. 
1989), acetophenone, benzoic acid and triazine derivatives (Clark and Shah 1991a, Clark et al. 
1991, Mason et al. 1991a), and d-pulegone (Mason 1990). Also, a variety of inert materials exert 
some bird repellency, including bentonite clays (Daneke and Decker 1988, Avery et al. 1989, 
Decker et al. 1990) and activated charcoal (Mason and Clark 1994). 
Whatever the repellent in question, one strategy to contain registration costs may be to target 
nonagricultural uses where ecological concerns and residue requirements (vis-a-vis food 
contamination) are reIatively less. Such nonagricultural uses are described below. 
New Repellents; Long- Term Possibilities 
Research that explores fundamental concepts in avian foraging may yield practical results. 
Four lines of investigation appear especially promising. First, basic examination of structure- 
activity relationships between the chemistry of known irritants and avoidance behavior may lead 
to the reliable prediction of new sensory repellents (Mason et al . 1991a, b, Clark and Shah 199 la ,  
Clark et al. 1991, Shah et al. 1991). Second, basic examination of physiologic repellents (i .e, 
those that act by causing malaise) could lead to the development of new products. For example, 
intestinal membrane disaccharidases may constrain the feeding behavior of some birds (e.g., those 
species that are unable to concentrated sucrose solutions; Martinez del Rio and Stevens 1989; 
Brugger 1992). Although sucrose may not be repellent in some feeding contexts (Clark and 
Mason 1993), it is possible that the simple addition of sucrose to livestock feed could 
economically reduce depredation and disease hazards that birds present at feedlots. Third, 
selective breeding and genetic engineering of plants could produce crop varieties that are bird 
tolerant. This appn>ach has been investigated with maize (Dolbeer et al. 1982), sorghum (Bullard 
et al. 1981), rape (Inglis et al. 1992), sunflower (Dolbeer et al. 1986b), and pears (Greig-Smith 
et al. 1983). More broadly, phenylpropanoids, a class of common phenolic compounds in plants, 
are bird repellent and insecticidal (Buchsbaum et al. 1984, Crocker and Perry 1990, Jakubas et 
al. 1992). Because production of phenylpropanoids in plants is focused in specific plant tissues 
(i.e., husks, pericarp, aleurone; Collins 1986, McCallum and Walker 1990), it may be possible 
to maximize the repellency of endogenous chemical defenses against birds (e.g., by concentrating 
chemicals in achene surface tissues) while minimizing the impact of the defense on the nutritive 
value or palatability of the grain once these surface tissues are removed (Jakubas et al. 1992). 
Finally, many plant chemical defenses against insect predators are well-described, and some of 
these materials are repellent to birds as well (Crocker and Perry 1990, Guilford et al. 1987). For 
example, cucurbitacins are triterpenoid glycosides that occur in plants belonging to the 
Cucurbitacae and Cruciferae families (Robinson 1983). These substances deter insect feeding 
(Metcalf 1985) and repel birds (Mason and Turpin 1990). 
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Nonagricultural Needs 
Background 
Nonmigratory waterfowl are a nuisance in urban and suburban locations (Cummings et al. 
1991). Grazing geese damage turf (Laycock 1982), and their feces adversely affect public health 
(Conover and Chasko 1985) and contribute to eutrophy in ponds and streams (Conover and 
Chasko 1985, Mott and Timbrook 1986). The overall economic impact of problems caused by 
waterfowl in these settings has not been quantified, but the cost of capturing geese for relocation 
can exceed $12/bird (Thompson 1991). One survey of golf course superintendents found that they 
would be willing to pay $60/ha for effective Canada goose control (Curnrnings et al. 1991). There 
are about 14,500 golf courses in the continental United States (U.S. Golf Association, pers. 
commun. ) . 
Other species cause nuisance and public health problems by carrying garbage from dumps 
(Dolbeer et al. 19886), roosting in urban and suburban areas (Chick et al. 1980, Dolbeer et al. 
19886,c, Tosh et al. 1970), and causing structural damage (Stemmerman 1988). In Missouri, the 
annual cost of damage by woodpeckers to electrical transmission poles exceeds $350,000 
(Stemmerman 1988). If the average cost of damage is merely $250,000 per state, then the 
national annual cost exceeds $12.5 million. 
Existing Rep ellen ts 
Naphthalene and polybutene are registered to repel roosting birds ( T i m  1983). However, 
naphthalene has no demonstrated utility as an avian repellent (e.g., Clark et al. 1990, Dolbeer et 
al. 1988a). In field tests, applications of napthalene 32.5 times higher than the registered rate 
have no repellent effect (Dolbeer et al. 19886). Undoubtedly, polybutene has bird repellent 
activity under some circumstances, as the number of products containing this substance attests 
(100% of commercial roost repellents). Again, however, experimental data in support of this 
claim are sparse. 
New Repellents; Near- Term Possibilities 
Some of the materials that we described for agricultural purposes could serve as useful 
repellents in nonagricultural contexts. These chemicals include food and flavor additives like 
anthranilate derivatives, and registered agricultural chemicals like ziram. Registrations for the use 
of methyl anthranilate at land fills and in sterile ponds are expected in 1994 (PMC Specialties 
Group, Inc., pers. commun.). In addition, materials such as methoxyacetophenones, 
4-ketobenztriazine, veratryl mine, and N-acetyl veratryl mine (Mason et al. 19916, Clark et 
al. 1991) may prove useful. Several of these substances are already used as synthetic 
intermediates for food additives, pharmaceuticals, and agricultural chemical coatings. 
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Ne w Repellents; Long- Term Possibilities 
Long-term possibilities that we described for agricultural needs also are applicable here. 
Conservation Needs 
Background 
Industrial byproducts and mine effluvia are frequently stored in open outdoor impoundments 
that pose serious risks to wildlife (Allen 1990, Kay 1990). Waterfowl, shore birds, and other 
species are attracted to the freestanding water and risk exposure to both acute and chronic 
toxicants (Ohlendorf et al. 1989, Williams et al. 1989). 
The costs of protecting birds from mine and industrial effluvia is readily quantified. U. S. sales 
from the gold and silver industry exceeded $3.3 billion in 1989. Because cyanide is used for the 
extraction of these metals from ore, the leachate impoundments are highly toxic to wildlife. 
Eliminating cyanide from ponds by quenching is expensive, costing between $240-400,00O/year 
for a mid-sized operation. Excluding birds from ponds until cyanide reclamation or quenching 
can be achieved is also costly, running between $9,000-$13,00O/acre (Schroeder 1990). Echo Bay 
Minerals Company spent $7.2 million to neutralize cyanide and exclude birds from a 363-acre 
pond at a mine site. Despite substantial reductions in avian mortality, Echo Bay still paid 
$500,000 in fines to the U. S. Fish and Wildlife Service. 
Airports also pose risks to wildlife (Blokpoel 1976), and frequent collisions between birds and 
aircraft represent a hazard to human health and safety (Dolbeer et al. 1993). In 1989, bird strikes 
caused $80 million damage to U.S. military aircraft and $100 million damage to civilian aircraft 
(Dolbeer, pers. cornmun.). In many instances, birds are attracted to airports after rains because 
of the free-standing water which accumulates on runways. As in the case of mining operations, 
traditional hazing operations are ineffective because birds simply move from one location to 
another, and quickly become accustomed to the harassment. 
Existing Repellents 
No repellent chemicals are registered in the United States for any conservation use. 
New Repellents; Near- Term Possibilities 
A variety of substances may have utility as bird repellent additives to standing water. These 
include sensory repellents like methyl anthranilate, 4-ketobenztriazene, and anthranilic acid. The 
major obstacle blocking the practical application of these compounds is the development of 
delivery systems that (1) preserve the chemical integrity of repellents in the hostile environments 
that wastewater presents (Clark and Shah 1991b, 1993), and (2) assure that chemical is 
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concentrated in ways that maximize the likelihood of contact with target birds (e.g., on the surface 
of ponds). 
New Repellents; Long- Term Possibilities 
The development of chemical repellents for use in small, shallow pools of water is a fairly 
simple matter. However, the development of substances that can be added to large ponds is 
physically and ecologically more complex. Further, toxic impoundments negatively affect 
members of all vertebrate classes, not just birds. The identification of broadly repellent materials 
is likely to be a long-term process, as all the available evidence suggests that there are dramatic 
differences among vertebrates classes in their responsiveness to chemical irritants (Szolcsanyi et 
al. 1986, Mason and Otis 1990). 
CONCLUSIONS 
The path from discovery of a candidate repellent to product availability can be thought of as 
a filtering process (Figure 3). Each step along the process constrains development. Accordingly, 
the smaller the initial number of candidate repellents, the less the likelihood of successfully 
developing a new product. Because serendipity has too often been responsible for repellent 
discovery, and registration, manufacturing, and marketing constraints have been ignored, few 
repellents are presently available. Nevertheless, there are a range of substances that could become 
available if interested developers can be found. These substances include existing insecticides and 
fungicides, synthetic intermediates for these products, human and animal feed flavorings, and inert 
substances such as bentonite clays and activated charcoal. Conceivably, expedited registration of 
biological pesticides, and other relatively innocuous substances by environmental regulatory 
agencies (P. Savarie, Denver Wildlife Research Center, pers. cornmun. ) will encourage industry 
and bring new bird repellents to consumers. At present, however, few tools are available, and 
the likelihood that more tools will become available in the next few years appears remote. 
Laboratory identification 
Field testing 
Production capacity 
Capital infrastructure 
Capacity to increase production 
Regulatory 
Economic 
Growth 
Public relations 
Applications 
FIFRA 
Expandability 
Restrictions in use 
Technical constraints 
m 
Distribution Private 
Other 
FIGURE 3. A heuristic model for factors affecting the discovery and development of a repellent 
strategy. Abbreviations: FIFRA = Federal Insecticide, Fungicide, and Rodenticide Act; 
ADC = Animal Damage Control. 
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